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METHOD AND SYSTEM TO CONTACT AN 
IONIC LIQUID CATALYST WITH OXYGEN 
TO IMPROVE A CHEMICAL REACTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of and priority to 
provisional US. Patent Application No. 60/516,516, ?led 
Oct. 31, 2003 and entitled “Method and System to Contact 
an Ionic Liquid Catalyst With Oxygen to Improve a Chemi 
cal Reaction.” This application is related to co-pending US. 
patent application Ser. No. 10/420,26 1, ?led Apr. 22, 2003, 
and entitled “Method for Manufacturing High Viscosity 
Polyalphaole?ns Using Ionic Liquid Catalysts,” Which 
claims the bene?t of and priority to provisional US. Patent 
Application No. 60/374,528, ?led Apr. 22, 2002 and entitled 
“Method for Manufacturing High Viscosity Polyalphaole 
?ns Using Ionic Liquid Catalysts.” This application is also 
related to co-pending US. patent application Ser. No. 
10/420,182, ?led Apr. 22, 2003, and entitled “Method for 
Manufacturing Ionic Liquid Catalysts.” This application is 
also related to US. patent application Ser. No. 10/978,792 
?led on Nov. 1, 2004 and entitled “Method and System to 
Add High Shear to Improve an Ionic Liquid CatalyZed 
Chemical Reaction” Which claims the bene?t of and priority 
to provisional US. Patent Application No. 60/5 16,501, ?led 
Oct. 31, 2003. Each of the above-listed applications is 
hereby incorporated herein by reference in its entirety for all 
purposes. 

FIELD OF THE INVENTION 

The present invention generally relates to ionic liquid 
catalytic systems for chemical conversions. More speci? 
cally, the invention relates to increased activity of ionic 
liquid catalysts for increased monomer conversion in the 
manufacture of polyalphaole?n products. 

BACKGROUND 

Ionic liquid catalysts may be used to catalyZe a variety of 
chemical reactions, for example the oligomeriZation of alpha 
ole?ns to produce polyalphaole?ns (PAO). A polyalphaole 
?n is a synthetic hydrocarbon liquid that is typically manu 
factured from the oligomeriZation of C6 to C20 alpha ole?ns. 
Polyalphaole?ns are used in various industries as lubricants 
in gear oils, greases, engine oils, ?ber optic gels, transmis 
sion oils, and various other lubricant applications. Ionic 
liquid catalysts used to produce PAO can be quite costly. 
Therefore, there is a need in the art for a method to increase 
the ef?ciency of an ionic liquid catalyst, for example to 
increase the ionic liquid catalyst activity and still maintain 
the desired conversion With a lesser amount of catalyst, 
thereby improving economics of a process. 

SUMMARY OF THE INVENTION 

In an embodiment, a method is disclosed to increase the 
activity of an ionic liquid catalyst comprising contacting an 
ionic liquid catalyst With oxygen. In another embodiment, a 
method is disclosed comprising introducing into a reaction 
Zone a monomer feed and an ionic liquid catalyst and 
controlling the amount of oxygen present in the reaction 
Zone to maintain a conversion reaction of the monomer. In 
another embodiment, an oligomeriZation system is disclosed 
comprising a reactor con?gured to receive and mix mono 
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2 
mer, ionic liquid catalyst, and oxygen; and a controller 
coupled to an oxygen source and con?gured to control the 
amount of oxygen present in a catalyZed reaction Zone to 
maintain a conversion reaction of the monomer. 

BRIEF SUMMARY OF THE DRAWINGS 

FIG. 1 is a process How schematic of one embodiment of 
the system to contact an ionic liquid catalyst With oxygen 
incorporated Within a process for manufacturing a hydroge 
nated polyalphaole?n product. 

DETAILED DESCRIPTION 

The invention relates to a system and or method to contact 
an ionic liquid catalyst With oxygen to increase the activity 
of the ionic liquid catalyst Within a production process. The 
invention also relates to a system and or method to contact 
an ionic liquid catalyst With Water to increase the activity of 
the ionic liquid catalyst Within a production process. Addi 
tionally, the invention relates to a system and or method to 
contact an ionic liquid catalyst With oxygen and Water to 
increase the activity of the ionic liquid catalyst Within a 
production process. Generally, the invention may be applied 
to any ionic liquid catalyZed reaction in Which oxygen can 
impact the reaction rate, conversion percentage, catalyst 
activity, properties of the reaction product, or any combi 
nation of these factors. Contacting oxygen With an ionic 
liquid droplet in the manufacture of polyalphaole?ns is a 
process that may impact one or more of these factors. In 
addition, in an ole?n oligomeriZation reaction, the siZe of the 
ionic liquid droplet can impact one or more of these factors. 
The invention also relates to a process to produce poly 

alphaole?ns comprising: 1) contacting a monomer feedstock 
With an ionic liquid catalyst; and 2) recovering a polyalpha 
ole?n product; Wherein the ionic liquid catalyst is contacted 
With oxygen, Water, or both. In some some embodiments of 
such a polyalphaole?n process, the ionic liquid catalyst is 
contacted With oxygen. In other embodiments, the ionic 
liquid catalyst is contacted With Water. In yet other embodi 
ments, the ionic liquid catalyst is contacted With oxygen and 
Water. The monomer feedstock, ionic liquid catalyst, quan 
tity of oxygen and/or Water, and other process parameters are 
described herein. 
The folloWing disclosure primarily focuses on the imple 

mentation of the invention to the production of PAOs. 
HoWever, it should be understood that the scope of the 
present invention is de?ned by the claims and not limited to 
a particular embodiment described herein. Thus, the inven 
tion described herein may be equally applied to other ole?n 
polymeriZation and/or oligomeriZation reactions. 

FIG. 1 depicts a system 100 to contact an ionic liquid 
catalyst With oxygen for increasing the activity of the ionic 
liquid catalyst Within a production process 1 for manufac 
turing a hydrogenated polyalphaole?n (PAO) product. The 
system 100 comprises a reactor 10 con?gured to receive and 
mix a reactant feed, ionic liquid catalyst, and oxygen and a 
controller 103 coupled to an oxygen source (not shoWn) and 
con?gured to control the amount of oxygen present in a 
catalyZed reaction Zone to maintain a conversion reaction of 
the reactant. System 100 includes the introduction of both a 
reactant feed via line 12 and an ionic liquid catalyst via line 
14 into a reaction Zone of reactor 10 and WithdraWing from 
the reaction Zone of reactor 10 via product line 16 a reaction 
el?uent. In an embodiment, oxygen may be introduced into 
the system 100 by injecting oxygen into the ionic liquid 
catalyst line 14 via oxygen injection line 101, as shoWn, in 
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an amount controlled by controller 103, to pre-contact the 
ionic liquid catalyst in line 14, prior to the reaction Zone. 
Alternatively, oxygen can be injected into reactant feed line 
12 (not shown) or injected directly into reactor 10 (not 
shoWn) to contact the ionic liquid catalyst With oxygen 
Within the reaction Zone. Alternatively, reactant feed and 
ionic liquid catalyst can be combined and fed via a single 
feed line (not shoWn) and oxygen can be injected into the 
combined feed line. In an embodiment, oxygen is injected 
into a line as described previously by adding oxygen, for 
example up to 5 vol. %, to the suction side of a pump located 
in such line, for example a high shear pump. 

The reaction that occurs Within the reaction Zone may be 
an oligomeriZation reaction. In an embodiment, the reaction 
Zone of system 100 comprises an oligomeriZation reaction in 
reactor 10 Wherein feed stream 12 comprises a monomer of 
alpha-ole?ns and product line 16 comprises a polyalphaole 
?n product. Non-limiting examples of suitable alpha ole?n 
monomers include alpha ole?ns having 4 to 20 carbon 
atoms, alternatively 6 to 20 carbon atoms, alternatively 8 to 
16 carbon atoms, and alternatively 10 to 14 carbon atoms. 
The folloWing disclosure primarily focuses on a PAO 

production embodiment, but it should be understood that the 
scope of the present invention is de?ned by the claims and 
not limited to a particular embodiment described herein. For 
example, in an alternate embodiment, the reaction Zone of 
system 100 comprises a general oligomeriZation reaction in 
reactor 10 Wherein feed stream 12 comprises an oligomer 
iZable ole?n and product stream 16 comprises an oligomer 
iZation product. Non-limiting examples of suitable oligo 
meriZable ole?ns include linear, monoole?ns and mixtures 
thereof having greater than 3 carbon atoms. Alternatively the 
monoole?ns have from 4 to 30 carbon atoms, and altema 
tively 4 to 20 carbon atoms Wherein the double bond may be 
positioned anyWhere along the linear carbon chain. Non 
limiting examples of suitable ole?ns include 1-propene, 
1-butene, 2-butene, 1-pentene, 2-pentene, and mixtures 
thereof. 

The reaction Zone of the polyalphaole?n oligomeriZation 
process can be de?ned by any reaction means knoWn in the 
art that provides for the contacting of the monomer With the 
ionic liquid under suitable reaction conditions maintained 
and controlled so as to provide for the reaction of the 
monomer to thereby give the polyalphaole?n product. The 
reaction Zone is generally de?ned by a reactor vessel, reactor 
10, into Which the monomer and ionic liquid catalyst are 
introduced. The monomer and ionic liquid catalyst can be 
introduced separately into the reaction Zone via separate 
feed streams, the monomer via line 12 and the ionic liquid 
catalyst via line 14 as shoWn in FIG. 1, or they can be 
introduced together as a premixed mixture. Because the 
monomer feed and ionic liquid catalyst are generally immis 
cible ?uids, the reactor 10 may be equipped With a mixing 
or stirring means, such as stirrer 11 in FIG. 1, for mixing the 
monomer feed and ionic liquid catalyst to provide intimate 
contact of the tWo ?uids or to provide a substantially 
homogenous mixture of monomer feed and ionic liquid 
catalyst. One type of reactor that suitably provides for the 
required mixing of the monomer feed and ionic liquid 
catalyst is knoWn in the art as a continuous stirred tank 
reactor (CSTR). 

The reaction conditions Within the reaction Zone are 
maintained so as to provide suitable reaction conditions for 
the oligomeriZation of the alpha ole?n monomer feed to give 
a polyalphaole?n product. The reaction pressure generally 
can be maintained in the range of from beloW atmospheric 
upWardly to about 250 psig. Since the reaction is not 
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4 
signi?cantly pressure dependent, it is most economical to 
operate the reactor at a loW pressure, for example, from 
about atmospheric to about 50 psig and, alternatively, from 
atmospheric to 25 psig. The reaction temperature is to be 
maintained during the reaction so as to keep the reactants 
and catalyst in the liquid phase. Thus, generally, the reaction 
temperature range is from about 20° F. to about 200° F. In 
an embodiment, the reaction temperature is in the range of 
from about 40° F. to about 150° F., and, alternatively, from 
50° F. to 110° F. 
The residence time of the feed Within the reaction Zone 

has a small in?uence on the resultant reaction product. As 
used herein, the term “residence time” is de?ned as being the 
ratio of the reactor volume to the volumetric introduction 
rate of the feeds, both the monomer feed and the ionic liquid 
catalyst feed, charged to or introduced into the reaction Zone 
de?ned by a reactor. The residence time is in units of time. 
The reactor volume and feed introduction rate are such that 
the residence time of the total of the monomer feed and ionic 
liquid catalyst feed is generally in the range upWardly to 
about 300 minutes, but due to the need to have su?icient 
residence time for the reaction to take place and to economic 
considerations, the residence time is more appropriately in 
the range of from about 1 minute to about 200 minutes. In 
an embodiment, the residence time is in the range of from 
about 2 minutes to about 120 minutes and, alternatively, 
from 5 minutes to 60 minutes. 

In some embodiments, the ionic liquid and oxygen are 
contacted prior to the reaction Zone. In other embodiments, 
the ionic liquid and oxygen are contacted Within the reaction 
Zone. The amount of oxygen present in the reaction Zone 
may be controlled by controller 103 to maintain the reaction. 
The amount of oxygen present in the reaction Zone may be 
controlled by controlling the amount of oxygen in the 
monomer feed to the reaction Zone, controlling the amount 
of oxygen in an ionic liquid catalyst feed to the reaction 
Zone, controlling the amount of oxygen in a combined 
monomer and ionic liquid catalyst feed to the reaction Zone, 
controlling the amount of oxygen in a gas located in a 
headspace above the liquid components present in the reac 
tion Zone, or combinations thereof. In an embodiment, the 
oxygen comprises from at least about 0.5 to about 100 Wt. 
% of the gas in the headspace above the reaction Zone, 
alternatively from about 0.5 to about 50 Wt. %, alternatively 
from about 0.5 to about 21 Wt. %, alternatively from about 
18 to about 21 Wt. %, alternatively from about 4 to about 21 
Wt. %, alternatively from about 0.5 to 8; alternatively from 
about 1 to 8; alternatively from about 3 to 8; and altema 
tively from about 5 to 8 Weight percent. Additionally, the 
oxygen may be added to the system 100 in such a manner so 
as to maintain a constant partial pressure of oxygen in the 
reaction Zone, thereby replacing oxygen that may be con 
sumed in the reaction. In all embodiments, the amount of 
oxygen present in the reaction Zone should be controlled 
such that the amount is considered safe, due to ?ammability 
concerns at higher concentrations. 

In an embodiment, the amount of oxygen present in the 
reaction Zone should be controlled such that the amount is 
su?icient to maintain the desired reaction in the reaction 
Zone. In some embodiments, the amount of oxygen present 
in the reaction Zone is controlled to obtain a conversion of 
monomer feed to equal to or greater than about 20 Weight 
percent. In other embodiments, the amount of oxygen 
present in the reaction Zone is controlled to obtain a con 
version of monomer feed to equal to or greater than about 
30, 40, 50, 60, 70, or 75 Weight percent. The loWer amount 
of oxygen for a given ionic liquid catalyst composition may 
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be determined experimentally by iteratively reducing the 
amount of oxygen in the reaction Zone and monitoring the 
monomer conversion until such conversion is unacceptable 
for the desired reaction. What constitutes acceptable ionic 
liquid catalyst activity may depend upon, for example, the 
speci?c catalyst composition, the reaction conditions, and/or 
the types and properties (such as viscosity targets) for the 
end products being made. The routine experimentation 
required to determine the amount of oxygen required to 
achieve the effects described herein for a particular catalyst 
composition, the reaction conditions, and/or end product 
combination is Within the ability of those skilled in the art in 
light of this disclosure. 
Any suitable oxygen source may be used to control the 

amount of oxygen present in the reaction Zone, for example 
a gas comprising oxygen, a liquid comprising oxygen, or 
both. In an embodiment Where the amount of oxygen present 
in a headspace gas is controlled, an amount of oxygen may 
be added by directly injecting oxygen into the headspace. In 
an alternate embodiment, an amount of oxygen may be 
added by bubbling oxygen up through the reaction Zone. For 
example, an oxygen source may be coupled to a distribution 
plate in the bottom of the reactor 10 for adding oxygen into 
the reactor. In an embodiment, the oxygen source (not 
shoWn in FIG. 1) may be pure oxygen, air, dried air (i.e., air 
have a reduced amount of Water), oxygen enriched air, other 
oxygen sources such as a process stream, or combinations 

thereof. The oxygen source may be gaseous or liquid. The 
stream of oxygen, for example dried air, may have less than 
about 1 ppm of Water by Weight therein. The amount of 
oxygen in the oxygen source may be controlled and/or 
selected to achieve a desired reaction conversion. 

The invention also relates to system and or method to 
contact an ionic liquid catalyst With Water to increase the 
activity of the ionic liquid catalyst Within a production 
process. In an embodiment, an amount of Water can be added 
to the ionic liquid catalyst to activate the catalyst and thereby 
increase the Weight percent conversion of monomer feed, 
provided hoWever that such amount of added Water is less 
than an amount that undesirably deactivates the catalyst. The 
advantages of controlling Water in a polyalphaole?n oligo 
meriZation reaction are described in detail in Us. patent 
application Ser. No. 10/420,261, ?led Apr. 22, 2003, and 
entitled “Method for Manufacturing High Viscosity Polyal 
phaole?ns Using Ionic Liquid Catalysts” incorporated 
herein by reference in its entirety. In some embodiments, the 
ionic liquid and Water are contacted prior to the reaction 
Zone. In other embodiments, the ionic liquid and Water are 
contacted in the reaction Zone. In an embodiment of the 
present disclosure, both an amount of Water as Well as an 
amount of oxygen present in the reaction Zone may be 
controlled to maintain the reaction and avoid deactivating 
the ionic liquid catalyst. Accordingly, disclosure regarding 
control of Water in a reaction Zone may be combined With 
control of oxygen as described herein. In an embodiment, 
the amount of Water present in the reaction Zone is from 
about 10 to about 20 ppm based upon the Weight of the total 
reactants Within the reaction Zone. In an embodiment, the 
amount of Water present in the reaction Zone is controlled by 
a controller that is either the same or different than that of the 
oxygen controller 103 and is con?gured to control the 
amount of Water such that the amount is less than an upper 
amount that is su?icient to deactivate the ionic liquid cata 
lyst (e.g., formation of an undesirable amount of aluminum 
hydroxide from aluminum trichloride) and greater than a 
loWer amount that is insufficient to maintain the desired 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
reaction (e.g., conversion of monomer feed to less than 
about 20 Weight percent) in the reaction Zone. 
The loWer amount of Water for a given ionic liquid 

catalyst composition may be determined experimentally by 
iteratively reducing the amount of Water in the reaction Zone 
and monitoring the monomer conversion until such conver 
sion is unacceptable for the desired reaction. Conversely, the 
upper amount of Water for a given ionic liquid catalyst 
composition may be determined experimentally by itera 
tively increasing the amount of Water in the reaction Zone 
and monitoring the catalyst deactivation until such deacti 
vation is unacceptable for the desired reaction. What con 
stitutes acceptable ionic liquid catalyst activity may depend 
upon, for example, the speci?c catalyst composition, the 
reaction conditions, and/or the types and properties (such as 
viscosity targets) for the end products being made. The 
routine experimentation required to determine the amount of 
oxygen required to achieve the effects described herein for 
a particular catalyst composition, the reaction conditions, 
and/or end product combination is Within the ability of those 
skilled in the art in light of this disclosure. 

In some embodiments, the maximum upper amount of 
Water is the stoichiometric ratio of Water that reacts With the 
catalyst to create a non-catalytic species thereof. For an ionic 
liquid catalyst comprising a chloroaluminate (e.g., Al2Cl7_) 
that deactivates by reacting With Water to form aluminum 
hydroxide, the maximum upper amount of Water is a molar 
ratio of about 6 moles of Water to each mole of chloroalu 
minate. 
The amount of Water present in the reaction Zone may be 

controlled by controlling the amount of Water in the mono 
mer feed to the reaction Zone, controlling the amount of 
Water in a gas located in a headspace above the liquid 
components present in the reaction Zone, or combinations 
thereof. The amount of Water present in the ionic liquid 
catalyst, if any, is typically about constant and thus is not 
routinely adjusted or changed after initial control calibra 
tions are performed. 

In an embodiment, Where the amount of Water present in 
the monomer feed is controlled, the amount of Water present 
in the feed is from about 1 to 100 ppm. In other embodi 
ments Where the amount of Water is present in the monomer 
feed is controlled, the amount of Water in the feed is from 
about 2 to about 60 ppm, alternatively, from about 3 to 30 
ppm, alternatively, about 5 to about 15 ppm based upon the 
Weight of the monomer feed. In an embodiment Where the 
amount of Water present in a headspace gas is controlled, the 
monomer feed is dried to a Water content of less than. about 
1 ppm by Weight and an amount of Wet gas such as moist 
nitrogen (e.g., nitrogen comprising an amount of Water) is 
added to the reaction Zone to control the amount of Water 
therein. The moist nitrogen may be produced, for example, 
by bubbling dry nitrogen through Water. In some embodi 
ments, the amount of Water present in the reaction Zone is 
controlled to obtain a conversion of monomer feed to equal 
to or greater than about 20 Weight percent. In other embodi 
ments, the amount of Water present in the reaction Zone is 
controlled to obtain a conversion of monomer feed to equal 
to or greater than about 30, 40, 50, 60, 70, or 75 Weight 
percent. 

In an embodiment Where the monomer feed is dried to less 
than about 1 ppm by Weight and the headspace gas is dry 
nitrogen, the amount of Water present in the reaction Zone 
may be insufficient to maintain the desired reaction in the 
reaction Zone, that is the conversion of the monomer feed 
Was less than about 20 Weight percent. In such an embodi 
ment, the Weight percent conversion of monomer feed can 
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be increased by a) increasing the amount of Water present in 
the reaction Zone as discussed previously, for example by 
adding moist nitrogen to the reaction Zone headspace or by 
other methods as knoWn to those skilled in the art; b) adding 
oxygen to the reaction Zone as discussed previously, for 
example by adding oxygen to the reaction Zone headspace; 
or c) combinations of a) and b). Stated alternatively, an 
amount of Water, oxygen, or both can be added to the ionic 
liquid catalyst in a manner described previously to activate 
the catalyst and thereby increase the Weight percent conver 
sion of monomer feed, provided hoWever that such amount 
of added Water, oxygen, or both is less than an amount that 
undesirably deactivates the catalyst. In some embodiments, 
the amount of oxygen and Water present in the reaction Zone 
is controlled to obtain a conversion of monomer feed to 
equal to or greater than about 20 Weight percent. In other 
embodiments, the amount of oxygen and Water present in the 
reaction Zone is controlled to obtain a conversion of mono 
mer feed to equal to or greater than about 30, 40, 50, 60, 70, 
or 75 Weight percent. 

Without intending to be bound by theory, it is believed 
that the ionic liquid catalysts require the presence of a proton 
donor such as an acid, and that Water present or formed in 
the reaction Zone reacts With the catalyst (e.g., chloroalu 
minate) to form hydrogen chloride, Which serves as a proton 
donor to the remaining catalyst. In an embodiment, an acid, 
for example hydrogen chloride or other acids such a Bron 
sted acid or a LeWis acid, is added directly to the ionic liquid 
catalyst. For example, hydrogen chloride may be added 
directly to the ionic liquid catalyst by bubbling hydrogen 
chloride gas through the ionic liquid catalyst or by any other 
methods as known to those skilled in the art. 

In an embodiment, an amount of oxygen, an amount of 
Water, or both can be added to the ionic liquid catalyst in a 
manner described above to activate the catalyst and thereby 
increase the Weight percent conversion of monomer feed, 
provided hoWever that such amount of added oxygen, added 
Water, or both is less than an amount that undesirably 
deactivates the catalyst. In this embodiment, the monomer 
conversion is from about 44% to about 58%; alternatively, 
from about 44% to about 70%; alternatively, from about 
44% to about 85%; and alternatively, from about 44% to 
about 100%. 

The amount of emulsi?cation applied to the ionic liquid 
reaction mixture may be controlled as disclosed in previ 
ously referenced US. patent application Ser. No. 10/ 978,792 
?led concurrently hereWith and entitled “Method and Sys 
tem to Add High Shear to Improve an Ionic Liquid Cata 
lyZed Chemical Reaction” Which claims the bene?t of and 
priority to provisional US. Patent Application No. 60/ 516, 
501, ?led Oct. 31, 2003. 
The catalyst concentration in the reaction Zone may be 

used to control certain desired physical properties of the 
polyalphaole?n product. In an embodiment, the Weight 
percent of ionic liquid catalyst introduced into the reaction 
Zone may be from about 0.1 to about 50 Wt. % based on the 
Weight of the feed to the reactor, alternatively from about 0.1 
to about 25 Wt. %, alternatively from about 0.1 to about 10 
Wt. %, alternatively from about 0.1 to about 5 Wt. %, 
alternatively, from about 1 to about 3 Wt. %, alternatively, 
from about 1.5 to about 2.5 Wt. %, and alternatively from 
about 2.0 to about 2.5 Wt. %. 

In the manufacture of polyalphaole?ns, the monomer 
feedstock that is introduced into the reaction Zone of the 
process comprises at least one alpha ole?n. In an embodi 
ment, the monomer feed comprises, based on the Weight of 
the monomer feed, at least about 50 Weight percent alpha 
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ole?ns, alternatively, at least about 60, 70, 80, 90, 95, or 99 
Weight percent alpha ole?ns. In an embodiment, the mono 
mer feed consists essentially of alpha ole?ns, Which should 
be understood to include commercially available alpha ole 
?n products. The alpha ole?ns and combinations thereof, 
Which are also knoWn as 1-ole?ns or 1-alkenes, suitable for 
use as the monomer feed of the process can have from 4 to 

20 carbon atoms and include, for example, 1-butene, 1-pen 
tene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tet 
radecene and combinations thereof. In some embodiments, 
the monomer feed comprises 1-decene. In other embodi 
ments the monomer feed comprises 1-dodecene. In other 
embodiments, the monomer feed consists essentially of 
1-decene, 1-dodecene, or mixture thereof. The alpha ole?ns 
of the monomer feed may have from 4 to 20 carbon atoms, 
or mixtures thereof, alternatively from 6 to 18 carbon atoms, 
and alternatively from about 10 to about 12 carbon atoms. 

The reactor ef?uent WithdraWn from the reaction Zone 
generally comprises polyalphaole?ns and the ionic liquid 
catalyst. A variety of polyalphaole?ns can be produced 
according to the present disclosure. Polyalphaole?ns are 
synthetic hydrocarbon liquids manufactured from mono 
mers. Polyalphaole?ns have a complex branched structure 
With an ole?n bond, i.e., carbon-carbon double bond, that 
may be located anyWhere along the molecule due to isomer 
iZation by the catalyst. As used herein, the term “polyalpha 
ole?ns” includes an alpha ole?n oligomeriZation product 
that is either a dimer, a trimer, a tetramer, higher oligomers, 
a polymer of an alpha ole?n, or a mixture of any one or more 
thereof, each of Which has certain desired physical proper 
ties and, in particular, having the desired high viscosity 
properties all of Which are more fully described beloW. Thus, 
the polyalphaole?ns can include dimers, trimers, tetramers, 
higher oligomers, polymers, or mixture of any one or more 
thereof of the alpha ole?n contained in the monomer feed. 
Such dimers, trimers, tetramers, higher oligomers, polymers, 
or mixture of any one or more thereof may comprise 
molecules having from 12 to over 1300 carbon atoms. 

The reactor ef?uent can further comprise a dimer of the 
alpha ole?n in the monomer feed and the unreacted mono 
mer, if any. The polyalphaole?ns can be separated from the 
other components of the reactor ef?uent including the ionic 
liquid catalyst, and, optionally, the unreacted monomer and 
dimers formed during the reaction of the monomer feed. The 
separated polyalphaole?ns may undergo subsequent pro 
cessing or upgrading such as hydrogenation to form a more 
stable polyalphaole?n product (referred to herein as a hydro 
genated polyalphaole?n product), for example useful as a 
base oil stock. Hydrogenated polyalphaole?n products have 
ole?n-carbons saturated With hydrogen, Which lends excel 
lent thermal stability to the molecule. 

In an embodiment, the hydrogenated polyalphaole?n 
product has a viscosity of from about 2 to about 100 
cSt@lOOo C., e.g., a loW viscosity hydrogenated polyalpha 
ole?n product having a viscosity of from about 2 to about 12 
cSt@lOOo C., a medium viscosity hydrogenated polyalpha 
ole?n product having a viscosity of from about 12 to about 
40 cSt@lOOo C., or a high viscosity hydrogenated polyal 
phaole?n product having a viscosity of from about 40 to 
about 100 cSt@lOOo C. The Weight average molecular 
Weight of a hydrogenated polyalphaole?n product can be in 
the range of from about 170 to about 18,200, alternatively, 
from about 200 to about 10,000, alternatively from about 
210 to about 8,000, alternatively from about 250 to about 
3,000. In other embodiments, the Weight average molecular 
Weight of a hydrogenated polyalphaole?n product can be in 
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the range of from about 500 to about 8,000; alternatively, 
from about 1,000 to about 5,000; and alternatively, from 
about 1,500 to 2,500. 

In an embodiment, a hydrogenated polyalphaole?n prod 
uct may be manufactured from either a 1-decene or 
1-dodecene feedstock or mixtures thereof. The hydroge 
nated polyalphaole?n products from these feedstocks are 
especially signi?cant in that they have unique physical 
properties. Typical ranges for the various physical properties 
of a hydrogenated polyalphaole?n product and the relevant 
test methods for determining the physical properties are 
presented in the folloWing Table 1. 

TABLE 1 

Hydrogenated PAO Product Physical Properties 

Test Units Test Method Value 

Kinematic Viscosity cSt ASTM D445 Min 12.0 
at 100° C. Max 35.0 
Bromine Index mg100 g ASTM D2710 Max 800 
Volatility, Noack Wt % CEC L40 T87 Max 2.0 
Flash Point O C. ASTM D92 Min 245 

Fire Point O C. ASTM D92 Min 290 
Pour Point O C. ASTM D97 Max —30 
Polydispersity Index Max 3.5 

Min 1.0 
Weight Average Min 170 
Molecular Weight Max 18200 

Any ionic liquid catalyst suitable to catalyZe a desired 
chemical reaction may be used. Examples of ionic liquid 
compositions suitable for use in the inventive process are 
complexes of tWo components that form compositions that 
are liquid under the reaction conditions of the inventive 
process. Speci?cally, the ionic liquid catalyst is the complex 
resulting from the combination of a metal halide and an 
alkyl-containing amine hydrohalide salt. Such compositions 
are described in detail in US. Pat. Nos. 5,731,101 and 
6,395,948, the disclosure of each of Which is incorporated 
herein by reference in its entirety. It has been found that the 
use of such ionic liquid compositions provide for a polyal 
phaole?n end-products having certain desirable and novel 
physical properties that make them especially useful in 
various lubricant or lubricant additive applications. The use 
of an ionic liquid composition to produce a polyalphaole?n 
product is described in US. Pat. No. 6,395,948 and US. 
patent application Ser. No. 10/900221, ?led Jun. 27, 2004, 
the disclosure of each of Which is incorporated herein by 
reference in its entirety. 

The metal halides that can be used to form the ionic liquid 
catalyst used in this invention are those compounds Which 
can form ionic liquid complexes that are in liquid form at the 
reaction temperatures noted above When combined With an 
alkyl-containing amine hydrohalide salt. Examples of suit 
able metal halides are covalently bonded metal halides. 
Possible suitable metals Which can be selected for use herein 
include those from Groups IVB, VIII, IB, IIB, and IIIA of 
the Periodic Table of the Elements, CAS version. More 
speci?cally, the metal of the metal halides can be selected 
from the group consisting of aluminum, gallium, iron, 
copper, Zinc, titanium, and indium, alternatively from the 
group consisting of aluminum and gallium, and alternatively 
aluminum. Examples of metal halides include those selected 
from the group consisting of aluminum halide, alkyl alumi 
num halide, gallium halide, alkyl gallium halide, titanium 
halide, and alkyl titanium halide of Which especially desired 
are aluminum halide or alkyl aluminum halide. In an 
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10 
embodiment, the metal halide is an aluminum halide or alkyl 
aluminum halide. In an embodiment, the metal halide is 
aluminum trichloride. 

The alkyl-containing amine hydrohalide salts that can be 
used to form the ionic liquid catalyst used in this invention 
include monoamines, diamines, triamines and cyclic amines, 
all of Which include one or more alkyl group and a hydro 
halide anion. The term alkyl is intended to cover straight and 
branched alkyl groups having from 1 to 9 carbon atoms. 
Examples of alkyl-containing amine hydrohalide salts useful 
in this invention have at least one alkyl substituent and can 
contain as many as three alkyl substituents. They are dis 
tinguishable from quaternary ammonium salts Which have 
all four of their substituent positions occupied by hydrocar 
byl groups. Examples of suitable compounds are those 
having the generic formula R3NiHX, Where at least one of 
the “R” groups is alkyl, for example an alkyl of from one to 
eight carbon atoms (for example, loWer alkyl of from one to 
four carbon atoms) and X is halogen, for example chloride. 
If each of the three R groups is designated R1, R2 and R3, 
respectively, the folloWing possibilities exist in certain 
embodiments: each of Rl-R3 can be loWer alkyl optionally 
interrupted With nitrogen or oxygen or substituted With aryl; 
R1 and R2 can form a ring With R3 being as previously 
described for R1; R2 and R3 can either be hydrogen with R1 
being as previously described; or R1, R2 and R3 can form a 
bicyclic ring. In an embodiment, these groups are methyl or 
ethyl groups. In an embodiment, the di- and tri-alkyl species 
can be used. In an embodiment, one or tWo of the R groups 

can be aryl. The alkyl groups, and aryl, if present, can be 
substituted With other groups, such as a halogen. Phenyl and 
benZyl are representative examples of possible aryl groups 
to select. HoWever, such further substitution may undesir 
ably increase the viscosity of the melt. Therefore, in an 
embodiment, the alkyl groups, and aryl, if present, are 
comprised of carbon and hydrogen groups, exclusively. 
Such short chains are desired because they form the least 
viscous or the most conductive melts. Mixtures of these 
alkyl-containing amine hydrohalide salts can be used. 

Examples of amine hydrohalide salt are those compounds 
Where the R groups are either hydrogen or an alkyl group 
having 1 to 4 carbon atoms, and the hydrohalide is hydrogen 
chloride, an example of Which is trimethylamine hydrochlo 
ride. 

The prepared the ionic liquid may be stored and subse 
quently used as a catalyst for the reactions described herein. 
Once used as a catalyst, the ionic liquid may be separated 
and/or recovered from the reaction el?uent by methods 
knoWn to those skilled in the art. The separated and/or 
recovered ionic liquid may be recycled as use as a catalyst 
either alone or in combination With freshly prepared ionic 
liquid catalyst. In some cases, the recycled ionic liquid 
composition may be reforti?ed With a quantity of metal 
halide, or amine hydrohalide salt. 

The folloWing description incorporates the inventive pro 
cess disclosed into an embodiment shoWn in FIG. 1 Wherein 
is represented the production process 1 for manufacturing a 
hydrogenated polyalphaole?n product. Oxygen is injected 
into line 14 via line 101, the amount of Which is controlled 
via controller 103. Monomer feed and the recycled mono 
mer and dimer, Which is more fully described beloW, are 
introduced or charged to reactor 10, hereinafter referred to as 
continuous stirred tank reaction or CSTR 10, by Way of line 
12. Makeup ionic liquid catalyst and recycled ionic liquid 



US 7,309,805 B2 
11 

catalyst feed, Which is more fully described below, are 
introduced or charged to CSTR 10 by Way of line 14. The 
monomer and ionic liquid catalyst feeds are simultaneously 
introduced into the CSTR 10 While the reactor el?uent from 
CSTR 10 is simultaneously With the introduction of the 
feeds WithdraWn from CSTR 10 through line 16. 

The reactor e?luent is passed from CSTR 10 through line 
16 to ?rst phase separator 18 Which provides means for 
separating the reactor ef?uent into an ionic liquid catalyst 
phase 20 and a hydrocarbon or polyalphaole?n-containing 
phase 22. The separated ionic liquid catalyst phase 20 is 
recycled by Way of line 24 and combined With the makeup 
ionic liquid catalyst passing through line 14 and thereby is 
introduced into CSTR 10. The ?rst phase separator may be 
any phase separator knoWn to those skilled in the art to be 
able to separate tWo immiscible liquids having different 
densities. For example, the ?rst phase separator may be a 
gravity separator or a centrifugal separator. 

The polyalphaole?n-containing phase 22 passes from 
phase separator 18 through line 26 to deactivation vessel 28 
Which provides means for contacting any remaining ionic 
liquid catalyst mixed With the polyalphaole?n-containing 
phase With Water so as to deactivate the ionic liquid catalyst. 
The mixture of polyalphaole?n-containing phase, Water and 
deactivated ionic liquid catalyst passes from deactivation 
vessel 28 through line 30 to second phase separator 32 Which 
provides means for separating the Waste Water and catalyst 
phases 34 and polyalphaole?n containing phase 36. The 
Waste Water phase passes from second phase separator 32 by 
Way of line 37. 

The polyalphaole?n-containing phase 36 passes from 
second phase separator 32 through line 38 to Water Wash 
vessel 40 Which provides means for contacting the polyal 
phaole?n-containing phase 36 With fresh Water. The fresh 
Water is charged to or introduced into Water Wash vessel 40 
through line 42. The Water and polyalphaole?n-containing 
phases pass from Water Wash vessel 40 through line 44 to 
third phase separator 46 Which provides means for separat 
ing the Water and the polyalphaole?n-containing phase 
introduced therein from Water Wash vessel 40 into a Water 

phase 48 and polyalphaole?n-containing phase 50. The 
Water phase 48 can be recycled and introduced into deacti 
vation vessel 28 through line 52 thereby providing the 
deactivation Wash Water for use in the deactivation vessel 
28. 

The polyalphaole?n-containing phase 50 passes from 
third phase separator 46 through line 54 to Water separation 
vessel 56, Which provides means for separating Water from 
the polyalphaole?n-containing phase 50, for example by 
?ash separation, to provide a ?ash Water stream and a 

polyalphaole?n-containing phase having a loW Water con 
centration. The ?ash Water stream can pass from Water 

separation vessel 56 and recycled to deactivation vessel 28 
through line 58, or alternatively, the ?ash Water stream can 
be disposed of as Waste Water via line 37. The polyalpha 
ole?n-containing phase having a loW Water concentration 
passes from Water separation vessel 56 through line 60 and 
is charged to separation vessel 62, Which is for example an 
evaporator. Separation vessel 62 provides means for sepa 
rating the polyalphaole?n-containing phase having a loW 
Water concentration into a ?rst stream comprising monomer 

and, optionally, dimer, and a second stream comprising a 
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polyalphaole?n product. The ?rst stream passes from sepa 
ration vessel 62 by Way of line 63 and is recycled to line 12 
Wherein it is mixed With the monomer feed and charged to 
CSTR 10. 

The second stream passes from separation vessel 62 
through line 64 to guard vessel 66, Which de?nes a Zone 
containing guard bed material and provides means for 
removing chlorine and other possible contaminants from the 
second stream prior to charging it to hydrogenation reactor 
68. The e?luent from guard vessel 66 passes through line 70 
to hydrogenation reactor 68. Hydrogenation reactor 68 pro 
vides means for reacting the polyalphaole?n product in the 
second stream to provide a hydrogenated polyalphaole?n 
product of Which a substantial portion of the carbon-carbon 
double bonds are saturated With hydrogen. Hydrogen is 
introduced by Way of line 72 into line 70 and mixed With the 
second stream prior to charging the thus-mixed hydrogen 
and second stream into hydrogenation reactor 68. The 
hydrogenated polyalphaole?n product passes from hydro 
genation reactor 68 by Way of line 74. 

The folloWing examples of the invention are presented 
merely for the purpose of illustration and are not intended to 
limit in any manner the scope of the invention. 

EXAMPLES 1-4 

Controlling Oxygen in OligomeriZation of 
1 -Decene 

The folloWing examples, examples 1-4, illustrate the 
effect of oxygen concentration in the headspace in the 
presence of a constant 10-15 ppm Water in the feed on some 
of the physical properties of the oligomer reaction product 
and the percentage of monomer converted in the reaction 
resulting from the continuous process for the oligomeriZa 
tion of 1-decene. 

Example 1 

In a continuous process, 1-decene Was fed at a rate of 

2800 to 2900 grams/hour along With a catalyst feed (1.65:1 
molar ratio AlCl3:TMA.HCl) of 73 grams/hour into a 1-gal 
lon stirred-tank reactor. The reactor Was equipped With 
external and internal cooling coils. The 1-decene feed con 
tained 10 to 15 ppm Water. The reactor level Was controlled 
to roughly half of the volume, Which gave residence times 
from 22 to 37 minutes. A pump-around loop consisting of a 
high shear mixer and gear pump Was used to ensure adequate 
contact betWeen 1-decene and catalyst. The reactor stirrer 
Was set at 660 rpm. The reaction section Was controlled from 

15 to 20° C. under a headspace of 21% oxygen (balance 
nitrogen) at a pressure of 30 psig. The reactor ef?uent Was 
quenched With Water to deactivate the catalyst. The resulting 
product Was distilled targeting less than 2 Weight percent 
monomer and dimer. Monomer conversion of the Water 
quenched product Was determined using gas chromatogra 
phy. The oligomer distribution, Weight-averaged molecular 
Weight (MW) and polydispersity (D) of the distilled product 
Were determined using gel permeation chromatography 
(GPC). The percent monomer conversion of the Water 
quenched product and the properties of the distilled product 
from this example and of the folloWing examples are pre 
sented in Table 2 beloW. 
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TABLE 2 

Units Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7 Example 8 

Oxygen % 21 4.5 1 0 21 0 21 0 
Water ppm 10-15 10-15 10-15 10-15 0-1 65 52 0-1 
Monomer Conversion % 77 61 58 40 75 67 78 26 

(before distillation) 
Monomer Weight 2.5 <0.5 0.6 2.1 0 0.1 0 0.2 

% 
Dimer Weight 1.1 1.0 1.1 1.5 1.0 1.3 0.6 2.4 

% 
Trimer Weight 2.3 3.5 4.4 4.4 2.3 3.2 1.9 6.0 

% 
Tetramer Weight 2.8 4.1 5.2 5.2 2.8 3.9 2.5 6.8 

% 
Pentamer Weight 4.2 6.5 8.0 7.8 4.2 6.1 4.2 9.6 

% 
Hexamer Weight 5.0 7.4 8.5 8.6 5.0 7.0 5.1 10.0 

% 
Heptamer + Weight 82.1 77.6 72.1 70.4 84.7 78.4 85.7 64.9 

% 
MW 1717 1513 1369 1339 1778 1525 1759 1221 
D 1.57 1.31 1.34 1.44 1.37 1.33 1.29 1.33 
100° C. cSt 27.6 22.6 20.0 17.3 30.1 23.6 33.1 16.4 
Viscosity 
40° C. cSt 217 175 150 126 255 194 234 120 
Viscosity 
Viscosity 163 155 154 151 158 149 187 147 
Index 
Pour Point ° C. -46 -46 -49 -51 -48 -45 -40 -48 

Example 2 increase in percent monomer conversion and product vis 
30 cosity can be realized With the control of oxygen in the 

The conditions for Example 1 Were repeated With the reactor headspace' 
exception of the concentration of the oxygen in the head 
S h- h 4 5V b 1 - EXAMPLES 5-7 pace gas, W 10 Was . 0 ( a ance nrtrogen). The proper 

ties of the roduct obtained in this exam 1e are resented in _ _ 
p- p 0 p - 35 Controlhng Oxygen and/or Water 1n 

Table 2. Tlns example demonstrates that 4.5 A) oxygen 1n the . . . 
. . . . Ol1gomer1Zat1on of l-Decene 

react1on headspace results 1n h1gher monomer convers1on 
and hi her roduct viscosit com ared to a reaction under _ _ 

- g p y p The folloW1ng examples, examples 5-7, 1llustrate the 
n1trogen alone (see Example 4). The percent monomer . . 

. . . . effect of oxygen concentrat1on and various amounts of Water 
conversron and product v1scos1ty 15 lower than that observed 40 . . . 

. . . 1n the feed on some of the physlcal propertles of the 
under h1gher concentratrons of oxygen 1n the headspace (see 1- - d d h f 
E 1e 1) o 1gomer reactlon pro uct an t e percentage 0 monomer 
Xamp ' converted 1n the react1on resultrng from the contrnuous 

process for the oligomeriZation of l-decene. 
Example 3 

45 
Example 5 

The conditions for Example 1 Were repeated With the 
exception of the concentration of the oxygen in the head- The Conditions for Example 1 were repeated with the 
space gas, Which Was 1.0% (balance nitrogen) and that the exception of the Water contained in the l-decene feed, Which 
headspace gas Was sWept through the reactor at a constant 50 Was at 0-1 ppm. The properties of the product obtained in 
rate. The properties of the product obtained in this example this example are presented in Table 2. Comparison of the 
are presented in Table 2. This example demonstrates that percent monomer conversion and product properties of the 
1.0% oxygen in the reaction headspace results in higher products described in Examples 1 and 5 demonstrate that a 
monomer conversion and higherproduct viscosity compared signi?cant increase in percent monomer conversion and 
to a reaction under nitrogen alone (see Example 4). The 55 product viscosity can be realized With the control of oxygen 
resulting monomer conversion and product viscosity is in the reactor headspace With or Without the presence of 
loWer than that observed at an increased percentage of Water. 
oxygen in the headspace (see Examples 1 and 2). 

Example 6 
Example 4 60 

The conditions for Example 1 Were repeated With the 
The conditions for Example 1 Were repeated With the exception of the composition of the headspace gas, Which 

exception of the composition of the headspace gas, Which Was nitrogen, and the Water content in the l-decene feed, 
Was nitrogen. The properties of the product obtained in this Which Was 65 ppm. The properties of the product obtained 
example are presented in Table 2. Comparison of the percent 65 in this example are presented in Table 2. Comparison of the 
monomer conversion and product properties of the products 
described in Examples 1 and 4 demonstrate that a signi?cant 

percent monomer conversion and product properties of the 
products described in Examples 1 and 6 demonstrate in the 
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absence of oxygen, but in the presence of Water above 30 
ppm, the 1-decene conversion approaches that achieved in 
the presence of oxygen. 

Example 7 

The conditions for Example 1 Were repeated With the 
exception of the Water content in the 1-decene feed, Which 
Was 52 ppm. The properties of the product obtained in this 
example are presented in Table 2. Comparison of the percent 
monomer conversion and product properties of the products 
described in Examples 1 and 7 demonstrate that in the 
presence of oxygen and greater than 30 ppm Water, an 
increase in product viscosity is achieved. 

Comparative Example 8 

The conditions for Example 1 Were repeated With the 
folloWing exceptions: the 1-decene feed Was passed through 
a molecular sieve desiccant bed to remove Water from the 
feedstream, and the composition of the headspace gas Was 
100 percent nitrogen. The properties of the resulting product 
obtained in this example are presented in Table 2. Compari 
son of the percent monomer conversion and product prop 
er‘ties for Example 8 to the products described in Examples 
1 through 7 demonstrates that in the presence of oxygen or 
Water, an increase in monomer conversion and product 
viscosity is achieved. 

Ionic liquid catalysts are commonly used in processes 
such as the oligomeriZation of alpha ole?ns or the general 
oligomeriZation of ole?ns. Typically, in a catalytic reaction 
it is desirable to keep oxygen (or air) and Water from 
entering the reaction Zone because Water or oxygen can 
deactivate the catalyst. HoWever, in the method and system 
disclosed, the presence of oxygen and/or Water increases an 
ionic liquid catalyst’s activity resulting in increased mono 
mer conversion in a PAO production process. 

In the description above, like parts are marked throughout 
the speci?cation and draWings With the same reference 
numerals, respectively. The draWing ?gures are not neces 
sarily to scale. Certain features of the invention may be 
shoWn exaggerated in scale or in someWhat schematic form 
and some details of conventional elements may not be 
shoWn in the interest of clarity and conciseness. The present 
invention is susceptible to embodiments of different forms. 
There are shoWn in the draWings, and herein are described 
in detail, speci?c embodiments of the present invention With 
the understanding that the present disclosure is to be con 
sidered an exempli?cation of the principles of the invention, 
and is not intended to limit the invention to that illustrated 
and described herein. It is to be fully recogniZed that the 
different teachings of the embodiments discussed above may 
be employed separately or in any suitable combination to 
produce desired results. Speci?cally, the method and system 
of the present invention disclosed herein to contact an ionic 
liquid catalyst With oxygen may be used With any suitable 
ionic liquid catalyZed reaction Wherein the reaction product 
contains a converted chemical reactant. In an embodiment, 
the method and system to contact an ionic liquid catalyst 
With oxygen of the present invention is for an oligomeriZa 
tion reaction for producing PAO from monomer in the 
presence of an ionic liquid based catalyst system and the 
detailed description above is focused on this embodiment 
but With the understanding that the present invention may 
have broader applications including the general oligomer 
iZation of ole?ns. Although only a feW embodiments of the 
present invention have been described herein, it should be 
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16 
understood that the present invention may be embodied in 
many other speci?c forms Without departing from the spirit 
or the scope of the present invention. Any examples included 
are to be considered as illustrative and not restrictive, and 
the invention is not to be limited to the details given herein, 
but may be modi?ed Within the scope of the appended 
claims along With their full scope of equivalents. 

That Which is claimed is: 
1. A method to increase the activity of an ionic liquid 

catalyst comprising contacting an ionic liquid catalyst With 
molecular oxygen, Wherein the contacting occurs prior to or 
Within a reaction Zone, Wherein a reaction Within the reac 
tion Zone is a polymeriZation reaction or an oligomeriZation 
reaction. 

2. The method of claim 1 Wherein the reaction Within the 
reaction Zone is the polymerization reaction. 

3. The method of claim 1 Wherein the reaction Within the 
reaction Zone is the oligomeriZation reaction. 

4. The method of claim 3 further comprising feeding 
monomer and ionic liquid catalyst into the reaction Zone. 

5. The method of claim 4 Wherein the monomer comprises 
alpha ole?ns having from about 4 to about 20 carbon atoms 
or mixtures thereof. 

6. The method of claim 4 Wherein the monomer comprises 
alpha ole?ns having from about 10 to about 12 carbon atoms 
or mixtures thereof. 

7. The method of claim 4 Wherein the oxygen is added to 
an ionic liquid catalyst feed. 

8. The method of claim 4 Wherein the oxygen is added to 
a monomer feed. 

9. The method of claim 4 Wherein the oxygen is added to 
a combined monomer and ionic liquid catalyst feed. 

10. The method of claim 4 Wherein the oxygen is added 
into a headspace of the reaction Zone. 

11. The method of claim 4 Wherein the oxygen is added 
by bubbling oxygen up through the reaction Zone. 

12. The method of claim 1 further comprising controlling 
an amount of oxygen present in the reaction Zone to maintain 
a desired reaction conversion. 

13. The method of claim 12 Wherein the amount of 
oxygen is controlled by controlling the amount of oxygen in 
a monomer feed to the reaction Zone, controlling the amount 
of oxygen in an ionic liquid catalyst feed to the reaction 
Zone, controlling the amount of oxygen in a combined 
monomer and ionic liquid catalyst feed to the reaction Zone, 
controlling the amount of oxygen in a gas located in a 
headspace of the reaction Zone, or a combination thereof. 

14. The method of claim 12 further comprising control 
ling an amount of Water present in the reaction Zone to 
maintain a desired reaction conversion and avoid deactivat 
ing the catalyst. 

15. The method of claim 14 Wherein the amount of Water 
is controlled by controlling the amount of Water in a mono 
mer feed to the reaction Zone, controlling the amount of 
Water in an ionic liquid catalyst feed to the reaction Zone, 
controlling the amount of Water in a combined monomer and 
ionic liquid catalyst feed to the reaction Zone, controlling the 
amount of Water in a gas located in a headspace of the 
reaction Zone, or a combination thereof. 

16. The method of claim 12 Wherein the amount of 
oxygen is controlled such that oxygen comprises from at 
least about 0.5 to about 21 Wt. % of the gas in a headspace 
above the reaction Zone. 

17. The method of claim 14 Wherein the amount of 
oxygen is controlled such that oxygen comprises from at 
least about 0.5 to about 21 Wt. % of the gas in a headspace 
above the reaction Zone and the amount of Water is con 
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trolled such that Water comprises from at least about 0 to 
about 100 ppm based upon the Weight of the total reactants 
Within the reaction Zone. 

18. The method of claim 4 further comprising recovering 
polyalphaole?ns from the reaction Zone. 

19. The method of claim 18 Wherein a monomer conver 
sion is from about 44% to about 100%. 

20. A method comprising introducing into a reaction Zone 
a monomer feed and an ionic liquid catalyst and controlling 
an amount of oxygen present in the reaction Zone to maintain 
a conversion reaction of the monomer. 

21. The method of claim 20 Wherein the amount of 
oxygen is controlled by controlling the amount of oxygen in 
the monomer feed to the reaction Zone, controlling the 
amount of oxygen in the ionic liquid catalyst feed to the 
reaction Zone, controlling the amount of oxygen in a com 
bined monomer and ionic liquid catalyst feed to the reaction 
Zone, controlling the amount of oxygen in a gas located in 
a headspace of the reaction Zone, or a combination thereof. 

22. The method of claim 20 further comprising control 
ling the amount of Water present in the reaction Zone to 
maintain the conversion reaction of the monomer and avoid 
deactivating the catalyst. 

23. The method of claim 22 Wherein the amount of Water 
is controlled by controlling the amount of Water in the 
monomer feed to the reaction Zone, controlling the amount 
of Water in the ionic liquid catalyst feed to the reaction Zone, 
controlling the amount of Water in a combined monomer and 
ionic liquid catalyst feed to the reaction Zone, controlling the 
amount of Water in a gas located in a headspace of the 
reaction Zone, or a combination thereof. 

24. The method of claim 23 Wherein the monomer feed is 
dried to a Water content of less than about 1 ppm by Weight 
and the amount of oxygen or Wet gas is added to the reaction 
Zone. 

25. The method of claim 24 Wherein the Wet gas is moist 
nitrogen. 
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26. A method for catalytically oligomeriZing a monomer 

into polyalphaole?ns in a reaction Zone, comprising con 
tacting an ionic liquid catalyst With molecular oxygen prior 
to or Within the reaction Zone. 

27. The method of claim 26 Wherein the oxygen is added 
to the ionic liquid catalyst feed to the reaction Zone, to the 
monomer feed to the reaction Zone, to a combined monomer 

and ionic liquid catalyst feed to the reaction Zone, to a 
headspace of the reaction Zone, by bubbling oxygen up 
through the reaction Zone, or combinations thereof. 

28. The method of claim 27 further comprising control 
ling an amount of oxygen present in the reaction Zone to 

maintain a desired reaction conversion, Wherein the amount 
of oxygen is controlled by controlling the amount of oxygen 
in the monomer feed to the reaction Zone, controlling the 
amount of oxygen in the ionic liquid catalyst feed to the 
reaction Zone, controlling the amount of oxygen in the 
combined monomer and ionic liquid catalyst feed to the 
reaction Zone, controlling the amount of oxygen in a gas 
located in the headspace of the reaction Zone, or a combi 
nation thereof. 

29. The method of claim 28 further comprising control 
ling the amount of Water present in the reaction Zone to 
maintain the desired reaction conversion and avoid deacti 
vating the catalyst, the amount of Water is controlled by 
controlling the amount of Water in the monomer feed to the 
reaction Zone, controlling the amount of Water in the ionic 
liquid catalyst feed to the reaction Zone, controlling the 
amount of Water in the combined monomer and ionic liquid 
catalyst feed to the reaction Zone, controlling the amount of 
Water in the gas located in the headspace of the reaction 
Zone, or a combination thereof. 


